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APPLICATION OF FUZZY NUMBERS TO THE ESTIMATION
OF AN ONGOING PROJECT’S COMPLETION TIME

A dynamic, interactive approach to the control of a project’s realization time is proposed. The
duration time of the project’s activities is assumed to depend on certain factors whose influence
may change in time. Based on the project’s history up to a certain moment, the change in influence
of these factors has been evaluated and estimates of the duration of activities which have not been
started yet are updated. The estimates of the duration time of the activities and project are ex-
pressed in the form of fuzzy numbers. This allows us to keep a constant track of the risk of the pro-
ject not keeping the deadline and to be aware of which factors influence delays, thus where to act
in order to minimize the final delay while it is not yet too late — in the course of the project’s reali-
zation, as early as possible.
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of an activity

1. Introduction

Project delays can be observed everywhere. Although a lot of scientific papers
deal with project scheduling and control of a schedule, practice shows (e.g. [12]) that
such methods are often not efficient because a large portion of real world projects are
delayed. Thus there is a need for new approaches and methods. In the recent literature,
many authors concentrate on the identification of factors which cause delays and other
problems in realization of projects (cf. [3-5, 7, 9—11, 14, 15]). Most of these ap-
proaches focus on specific professions and project types, like construction or IT pro-
jects. Moreover, they limit themselves to the identification, before beginning a project,
of a simple list of factors which might cause delay. However, there is no approach
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which would allow us to control the set and influence of these factors during the pro-
ject’s realization. The project’s situation, environment, circumstances change while it
is being realized and it is not enough to specify potential delay causing factors and
their influence at the beginning of the project.

A rudimentary approach allowing us to control the changing influence of the pro-
ject’s environment and features on its completion time during the project’s realization
was proposed by Cho [3], however it has several drawbacks. First of all, it is based on
advanced probability theory, which has only a small chance of being applied in the
practice of project management because it requires verifying hypotheses about the
probability distributions of duration times of activities. It is not possible to verify such
hypotheses for projects which comprise activities only rarely or never performed in
the past. Approaches based on fuzzy numbers do not require verification of the ful-
fillment of such strict conditions as in probability based approaches [7]. Apart from
that, the approach of Cho uses complicated formulae for conditional probabilities,
which makes it much less suitable in practice than the fuzzy approach proposed here,
which, even if it uses some “mathematics”, can be presented to the actual users in
a rather friendly form of tables containing crisp numbers and described in words. Sec-
ondly, Cho [3] takes into account only one single factor per project. Thus the author
assumes that there is just one type of problem, i.e. only weather or only technical
problems, etc. which may cause a delay in the project. This is unrealistic, even in the
smallest project we can usually detect several factors which may cause delays (cf. [8]).

That is why we propose here an approach based on fuzzy numbers and allowing
several criteria to influence, in a manner which varies during a project’s realization,
the actual duration of a project’s activities. As no other paper known to the author
apart from the one mentioned [3] deals with the estimation of a project’s completion
time during realization with respect to the changing influence of factors, in our opin-
ion the proposed approach constitutes a substantial novelty in research on project
management.

The paper is organized as follows:

In Section 1, we present necessary information about fuzzy numbers. We limit
ourselves to triangular fuzzy numbers, although this is not a limiting assumption
—generalization would be straightforward.

In Section 2, we explain the way we model projects, their activities and their pa-
rameters. Here the limitations of our approach become visible: the way in which we
introduce the parameters and the way in which we model their influence on the pro-
ject’s duration. Our approach is only an attempt to generalize the approach of Cho [3]
and at the same time to make it more accessible to practitioners, thus it is certainly still
far from being perfect.

In Section 3, we present the algorithm for updating information about the estimat-
ed duration of individual activities and the risk of the project not keeping the sched-
uled completion time. The algorithm is based on the model from Section 2.
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In Section 4, we illustrate the proposed approach with a very simple example. The
paper ends with several conclusions.

2. Basic information about fuzzy numbers

To model uncertainty, we will use triangular fuzzy numbers Z =(z,,z,,z,) with
the membership function [1]:
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The membership function z(x) represents, for each real number x, the possibility
that x will be the actual value of an unknown magnitude z. The value z; will be called
the mean value of Z =(z,, z,, z,). The values z,, z; measure the uncertainty linked to

the assumption that the unknown magnitude z will be equal to z;. We consider here
a special case, where the membership function has the form of a triangle but a general-
ization of the proposed approach to other types of fuzzy number (described e.g. in [1]
and [6]) would be purely technical. The membership function (1) for z; = 5, z, = 1,
z3 =2 has been shown in Fig. 1.

The yet unknown magnitude represented by the fuzzy number in Fig. 1 will be
most likely around 5. Values smaller than 4 and greater than 7 are considered to be
impossible.

The fuzzy number Z models an uncertain, only partially known quantity z. In our
case, these unknown quantities will be the durations of project’s activities or of the
whole project, estimated before the activity or the project has been finished.

Of course, there is always a problem of how to determine z(x). The idea is that
1.(x) should represent, for each x, the possibility of x being the actual value of z. There
exist several methods to generate z(x) in cooperation with the decision maker [13].
However, the most commonly used method is a subjective, intuitive construction of
the fuzzy estimate of z. Fuzzy numbers have the nice property of having to fulfil less
rigid conditions than probability distributions, thus they are easier to construct intui-
tively than probability distributions [6].
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Fig. 1. Membership function of the triangular fuzzy number (5, 1, 2)

It is important to add that [6]:

e Addition of triangular fuzzy numbers can be defined as follows: (zi, z», z3)
+ (W], %N W3) = (Z] + Wi, 22 +wy, z3 + W3).

e A crisp number » can be treated as a special case of a triangular fuzzy number,
ie. (r,0,0).

If an uncertain magnitude z occurs repeatedly, it is possible to use the learning
process to update its fuzzy estimate, as the estimate may depend on time — circum-
stances and conditions may change along with the possibility of various x’s to become
the actual value of z. Thus we can make the estimate Z dependent on time and use
information from previous moments to better estimate the magnitude z in the future. In

such cases, we will consider the fuzzy function z/(vt) = (zl (1), z,(2), z, (t)) with
a membership function u(x; t), referring to the present moment ¢ which precedes the

moment of the actual occurrence of z, when its value is known exactly. z(t) will stand

for the estimate of the actual (still unknown) value of the magnitude z according to our
knowledge at moment ¢. At another moment ¢ the estimate of z may differ, as our
knowledge of the situation or circumstances themselves may change.

Let us introduce yet another notion: zp"“(t) for ¢ representing the moment at

which the magnitude z actually occurred and its exact value became known. z"*(7)

would stand for a posteriori estimation of z knowing what the situation (the actual
realization of z and the circumstances we had at moment ¢) at a past moment ¢ was

like. ;@/(t) =z (1), 2™ (¢), 22 (¢) would be characterized by the membership

function 2 (x; 7).
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A natural question may be asked at this moment: why use a fuzzy number to rep-
resent the possible values of a magnitude at the moment that this magnitude became
exactly known? A posteriori fuzzy representation of z makes sense, as even if at a past
moment z had already taken a specific value, this does not mean that this specific val-
ue at this past moment was certain and completely determined. We assume that at the
moment the magnitude z actually occurred, there existed a set of values it might have
taken, some of them were more possible, some less. This set of values is represented

by z™(¢). One of these values was actually taken, and it is important to know to

which degree this value was possible and whether it constituted a positive or a nega-
tive deviation, in order to use this information for the estimation of other, yet unknown
magnitudes. Actually, the same idea is used in the previously mentioned paper of Cho,

where a posteriori probability distributions are used. The way z"** (t) can be generat-

ed will be now described and illustrated with an example:
Let us consider z representing the actual duration time of a project activity and let
us assume that we know that at a past moment ¢, the activity was finished and the ac-

tual realization of z became known: it was the crisp number x,. z™*(7,) can be gener-

ated by asking the decision maker three questions:

e Given the circumstances at moment ¢, was realization x; smaller, greater or equal
to the mean value? The answer to this question will tell us on which side of the mean
value the actual value x; of z was.

e Were we lucky (unlucky) to get value x; or was this value unsurprising? To what
degree was this value possible? The respective possibility degree will be denoted as
Uz, 1) € [0, 1] and it can be assumed to correspond to £ (x;;¢,).

¢ Given the circumstances at moment #;, how big was the variability of z on both
sides of the mean value? For instance given the mood in the project team at moment ¢,
was it possible to say that only a small range of possible values of the task duration
existed or was the range of those potential values rather wide because the situation in
the project team was so unusual that almost anything could have happened? This fac-
tor will be expressed by two numbers denoted as 4'(z, #,) and h“(z, t;), which should be

understood respectively as z2™ (¢) and z§* (7).

Having the above information, the membership function 2"

z

(x,5¢,).can be une-
quivocally determined. We have:

)= (0 (1), 2 (1), 2 (1) @

where:
() =K (2) A= (),
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o if x; was judged to be above the mean value of ;'“’?/(t]), zP (t1 ) =x1—(1-v(z 1))
Wz, 1),

e if x; was judged to be below the mean value of ;H(?), zZP (t1 ) =x; +(1-v(z, 1))
Wz, 1),

e if x; was judged to be equal to the mean value, zf"’s‘(ll) =Xi.

Let us consider a situation where the actual duration of an activity became fully
known at moment ¢, and turned out to be 8. The decision maker said that this value
was a very positive surprise, thus was smaller than the mean value and had the possi-
bility degree 0.2. On top of that, he said that the maximum variability of this value left
of the mean value was equal to 5 and right of the mean value equal to 4. We have thus:

v(z, ) = 0.2, h'(z, t/) = 5 and h'(z, ;) = 4, and we know that 8 < z/*'(¢,). Using

Equation (2), we get ;‘;;J(tl)= (12, 5, 4). This number means that if we were to esti-

mate the activity’s duration in similar circumstances to those from moment ¢, this
estimate would be represented by the fuzzy number (12, 5, 4), shown in Fig. 2. This
number also gives valuable information about possible values of factors influencing
the duration time of the activity being analyzed, but also influencing other activities of
the project.

1z
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0.4 / \
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X

Fig. 2. A posteriori fuzzy membership function of the duration of an activity whose actual
duration became known at moment #; and was equal to 8, based on the values
v(z, ) =0.2, hl(z, t;) =5 and h"(z, t;) = 4, given by the decision maker
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Let us notice that in some cases the fuzzy number Z/‘% =(zlp"5t(l), 25(¢)

post

Z (t)) can be given directly, without using the value v(z, ;). Everything depends on

the decision maker and the concrete situation.

3. Model of a project

We understand a project as a set of activities {A,.}f:1 with certain dependences be-

tween them (precedence relationships, the fact of using the same resource unit, etc.).
Of course, for each activity in the planning phase of the project we need to estimate its
planned duration time. As mentioned before, in most projects there will be a consider-
able group of activities whose duration times at the planning stage will be uncertain
and will depend on many factors. In the literature, the fact of the existence of a multi-
tude of such factors, as well as their dynamic nature (the influence of various factors
on the project may change in time), is rarely taken into account. In this paper we make
an attempt to remove these lacunae.

We assume that the mean value of an activity’s duration may depend on a number
of factors. These factors may be the weather, mood in the activity team, skills of the
activity team, attitude of certain stakeholders, etc. Most of these factors are hardly
measurable and yet they may strongly influence the activity times. Let us define the
list of these factors for the whole project as {a,}°_,. The impact of these factors on the

estimate of the mean values of the durations of project activities at each moment of the
project ¢ € [0, T] (where T is the time horizon, beyond which the execution of the pro-
ject will certainly not go, 0 stands for the planning phase of the project), will be denot-
ed as a(t), s =1, ..., S. The factors a, s = 1, ..., S, or rather their impact on the mean
values of activities’ durations, are thus assumed to be quantitatively characterizable,
although in an imprecise way. In [3] only one factor is introduced for all the project
activities. Here we allow an arbitrary number of factors per project, chosen by the
decision maker.

Apart from the factors influencing the mean duration time of activities, we consid-
er factors influencing the uncertainty (variability) in the estimation of an activity’s
duration. These factors may partially correspond to the factors {a, }’_, but may also be
quite different. Let us denote them as {,}% . The crisp numbers S(¢), r =1, ..., R will
represent the impact of the corresponding factors on the uncertainty of the estimates of
the duration of the activities of the project at a given moment ¢.

The distinction between the factors «, s = 1, ..., S, influencing the mean value of
the activities’ duration, and factors ., » = 1, ..., R, influencing the variability of esti-
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mation around the mean value, is important. The first group are decisive for activity
duration and determine the most possible value of the estimate, the second group de-
cide about the variability of the estimate around the mean value. For example, in con-
struction projects the weather is decisive for the duration of some activities and may
change the mean value of the estimate completely (forecasts of long rainy periods or
long sunny periods often give quite different mean values of the estimates) but other
factors, like technical problems or the experience of the team members, are not so
decisive, they simply mean that we cannot be completely sure about the mean value
and have to take into account its variability in both directions.

Evaluations of the impact of individual factors on the estimation of the duration of
project activities at each moment of time have to be dependent on time. Many factors
change with time or we learn about their influence on the project only with time, e.g.
weather may be good in some periods of a project’s realization and worse in others,
but also such not easily measurable values as the mood in the project team, the experi-
ence of the project team, the quality of relations with the customer change in time,
sometimes drastically. It is important to emphasize that many of these factors, thus
many of the values a,(¢), s =1, ..., S, and B.(¢), r =1, ..., R, will not be easily measur-
able, thus the aim of our method will be to help the decision maker to get to know
them — as soon and as accurately as possible — during the project’s realization.

We have assumed that the values a,(¢), s = 1, ..., S, and g(¢), r = 1, ..., R refer
globally to the whole project. But it is obvious that their influence on the estimate of
the duration of each project activity may be different, e.g. for some activities the mean
value of the estimate will be strongly influenced by the weather and the variability of
this estimate by the reliability of machines and for other activities the mean value will
depend on the quality of customer cooperation and the variability on relations within
the project team. That is why in our model we introduce a triangular fuzzy number

cz. (t)= (d,.l (t),d’ @), d’ (t)) standing for the estimate of the duration of activity A4; at

a moment ¢ before this activity has been finished, where ail.l 1s a function of one of «,,
s=1,..,8, and d’ and d; functions of one of S(7), =1, ..., R. Thus we have:

d,(1)=(£" (e, (1), £2(B,(0). £2(B(0))  i=Lnd 3

where f', f7, f are invertible functions from and into the set of nonnegative real

numbers, s; is one of the indices s = 1, ..., S and p; and r; are selected indices (they may
be identical) from the set =1, ..., R.

We assume that the mean value of the estimate, as well as both its variability
measures depend each on exactly one parameter. This is a limitation which in theory
can be overcome very easily but in practice the extended solution may lead to a too
complicated model. We think that in most cases one major factor can be selected — one
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for the mean value and one for each of the two variability measures. We underline
here that with respect to Cho [3] our model constitutes a significant step towards mod-
eling reality, as we assume that the duration of each activity depends altogether on
three factors which may be specific to this activity, and not on one single factor com-
mon to all the project activities.

Equation (3) shows that we assume that before activities are started, their duration
times are considered as uncertain, the mean (most possible) duration time for each
activity depends on some factor from the set {&}®, (potentially different for each ac-
tivity) and the uncertainty of the estimate depends on one or two elements (potentially
different for each activity) from the set of factors {.}~,. Moreover, the estimated
influence of both groups of factors may change in time.

One important point is that the above notation introduces a structure into the set of
activities. First of all, we can (and should) consider subsets of all the activities consist-
ing entirely of activities whose estimates of the most possible (mean) duration depend
on the same parameter «, s = 1, ..., S. Let us denote the set of activities whose esti-

mate of the most possible duration depends on ¢ as Q, We thus have
U Q, = {Al}j:] and Q, NQ, =& for each s, 5, =1, ..., S, 51 # 5,. Once one of the
activities from Q; for a selected s has been finished, we will try to make conclusions
about the impact of the parameter ¢ on the estimate of the most possible duration of
those activities from the set Q; which have not been started yet.

Secondly, for each parameter {£.}% . we can define the subset g, of the set of all

the activities {A.}IL1 whose uncertainty depends on the parameter f. It is true that

U o, ={A,.}l_1:1.However, we may have o, Ngp, =@ for any r, r, = 1, .., R,

71 # I, as the uncertainty of an estimate may depend on two different parameters — one
for the left hand side and one for the right hand side. Again, if an activity from the set
¢, for a selected r has been finished, we can use the information about the uncertainty

of the activity’s duration for those members of g which have not been started yet.

4. Updating the estimates of the duration times
of activities and the project completion time

In this section, we will present the proposed algorithm for updating the estimates
of the duration of activities which have not been started yet and as a consequence,
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updating the estimate of the total duration time of the project at selected control mo-
ments {tj}jzo such that ¢ > 0, #; < T and ¢, is smaller than the actual moment of project

completion, #; < ¢ forj =2, ..., J. We assume that at each moment ¢ all the activities
are either finished or not started. The latter assumption can be weakened, we introduce
it for the sake of simplicity. We consider moments # to be kinds of milestones, as done

by Cho. The control moments {t_i}jzo are chosen accordingly to the nature of the pro-
ject — the more risky the project and the more serious the consequences of its delay,
the smaller the intervals [¢,,, ] for j =1, ..., J should be.

For a selected ¢, j > 0 let us denote by C (¢,) the estimated total completion time

of the project at moment ¢, C (¢;) will be defined as the maximum of the estimated

lengths of all the paths in the project network, using the actual completion time of the
activities which have been finished at moment ¢ and using the estimated duration time
of the unfinished activities in the form of fuzzy numbers derived from Eq. (3):

c?i(tj)z(fil(asi(tj))’ﬁZ(ﬂpi(tj))’ﬁ3(ﬂr[(tj))), i=l., 1, j=1..,J (4

The sums of fuzzy numbers considered (the estimated lengths of various paths,
which are triangular fuzzy numbers), are not directly comparable, thus the maximum
of them is not uniquely defined. However, this is a problem from another domain rich-
ly discussed in the literature: that of comparing fuzzy numbers (e.g. [4]). This problem
of determining the maximum of several fuzzy numbers will not be discussed here in
detail. We simply assume that the decision maker has decided how to choose the long-

est path in the project network and knows the fuzzy estimate C(t ) of the project du-

ration. Analyzing it, he may judge its mean value and its variability, deciding whether
he can accept it or not. In the latter case, concrete steps have to be taken in order to try
to decrease the estimate of the project duration — such steps will usually be possible, as
t; 1s a moment at which not all the project activities have been finished yet.

In order to get a reliable and informative estimate C (¢,) at each control moment #, it is
necessary to have the best possible estimates d~,. (¢;) of the durations of those activities 4;

which have not been finished up to moment #. The proposed algorithm for updating the
estimates d,(#,,,) is as follows (we assume that moment # has already occurred and we

know the actual durations of all the activities finished up to this moment) :
Step 1: For all the activities 4; that are not finished at moment #;,; set cz.(t 1)

= cz. (¢;). This is the first step, whose aim is to make sure that all the unfinished activi-



Estimation of an ongoing project’s completion time 97

ties will be assigned a value cii(tﬁl). However, some of the values will be updated

further in the algorithm (Step 3 and Step 4);

Step 2: Let us denote by ;1 the set of those activities 4; which are finished at
moment #;;; but were not finished at moment #. Find out the actual duration of each
activity 4, belonging to S;;; and denote it as d;’. Then ask the executors of the respec-
tive activities the following questions:

e To what extent was the value d; possible at moment #.,, given the state of the
factors o, o, o (given the weather, the mood in the team, the state of the machines
etc. that prevailed while executing activity 4,)? In other words, given the conditions
the executors of the activity had, was the activity realized in a time that was normal or
rather less normal, rather, very or not at all surprising? The answer — the possibility
degree of the duration d;"at moment ¢, — must be a number from the interval [0, 1].
Let us denote it as v(d,, t;+1).

e If d was not the most possible (mean) value of the duration of 4; at moment ¢,
was it smaller or greater than the most possible value, given the state of the respective
factors at moment #;,?

e What was the variability (to the left and to the right hand side of the mean value)
of the estimate of the duration of activity 4; at moment #;;;? Denote the respective
values as A'(d,,t;,)and h"(d,,t,,). The interpretation of these values can be ex-
pressed as follows: how much was it possible at moment ¢, to over- or underestimate
the duration of activity 4,? These values can be given in first approximation as per-
centage deviations from the (yet unknown) mean value. Then using an iterative pro-
cess, the final absolute values 4'(d,, ,,,) and h"(d,, 1,,,) can be found.

), h'(d. )and A" (d, ) find (as in Eq. (2))

¢ Based on the values d;, v(d, il il

i’ tj+]

the post factum fuzzy number
From Eq. (3), we can then determine (for 4; € Sj.):

(1) =(4) (@ (1.0))

Bultp) = (1) (dr2(1,.)) )

Bo(t)= (1) (dr(1,0)
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Step 3: For each 4; belonging to S;:,, and for all unfinished A4, such that 4, € Qy;,

thus for such activities whose mean value of the estimate depends on the same factor
as the mean value of the finished activity 4,, set df (t jﬂ) = fl(a,(t ) (Eq. (5)). Here

we update the information about the factor influencing the mean values of the esti-
mates on the basis of the information about finished activities, e.g. if an activity was
finished at moment #., and its mean value depended on the mood in the project team
and this mood turned out to be good at moment ¢, this should affect the estimates of
the durations of all the unfinished activities whose mean value depends on the mood in
the project team.

Step 4: For each 4; belonging to S, and for all unfinished A4; such that A4,

€ ¢, Ugp,, update d; (t j+1) and/or d; (t j+1) based on Eq. (5) in an analogous way as
in Step 3 for d, (l M). Here, we update the variability of the estimates of the durations

of yet unfinished activities on the basis of information from the already finished ac-
tivities — if a (left hand side or right hand side) variability factor was at moment ¢,
greater/less than before, this should be taken into account in the estimation of the du-
ration of yet unfinished activities whose variability depends on the same factors as the
variability of activities from the set Sj.1.

In the following section we will present a short illustration of the proposed approach.

5. Illustrative example

Let us consider the following example: We have a construction project whose goal
it is to repair a damaged section of an expressway. The project consists of 5 activities,
linked by precedence relations in such a way that the first activity 4; has to be fin-
ished, then the activity 4, and so on — no pair of activities can be processed simultane-
ously.

Table 1. Activities of the illustrative project

Activity Description of activity
A, delivery and installation of machines and devices
A, cleaning of the crack
As filling the crack up with substance x
Ay control of the repair quality
As cleaning up

We assume that the most possible duration times of all the activities depend on
just one factor ¢, communication within the project team, a characteristic which is
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hardly measurable. We assume that we will try to measure it on a scale from 0 to 100,
where 100 stands for non-existent communication and 0 for excellent communication.

In the project planning phase, we also have to identify factors {£3.}*

;> influencing
the variability of the activities’ duration times. In our case, it is assumed that there are
five of them. Three (£, £, ;) give us the right hand side variability of the estimate of
duration (thus the possibility that the actual duration will be longer than the mean val-
ue). They are measured on a scale from 0 to 100, 100 standing for the worst possible
situation and O for the best one. Two of them (£, f5) give us the left hand side varia-
bility (the possibility that an activity will be in fact done earlier that indicated by the
mean value). These factors are also measured on a scale from 0 to 100, where 0 stands
for the worst situation and 100 for the best one.

Table 2. Factors { ﬂ,}i:l for the illustrative project

Factor Description of factor Variabality type

B machine and device quality
S | soil condition negative
B quality of cooperation with subcontractors
Jen weather

Ps experience of the project team

positive

In Table 3, we give the necessary information for individual activities in order to
apply Egs. (3), (4). We have included there the dependences of the estimates of the
activity durations on the individual factors. The columns 2—4 include the dependence
functions, the last three columns contain the indices of the factors on which the esti-
mates depend. The values in the fifth column are identical for all the activities but this
is only a feature of the example discussed — potentially, each activity may have a dif-
ferent entry in each of the last three columns.

Table 3. Parameters for the estimation
of durations of activities (Egs. (3), (4))

Activity f1(x) fiz(x) ffS(x) Si | Pi| T

A 10 + x 2x X 11411
A, 3+ 4x x/2 2x 1142
A3 4+x° | X3 x2 [ 1]5]3
Ay 5+ 3x X X 115]1
As 8+ x x/2 x/2 1152

In the planning phase of the project, thus at moment 0, we assume that we have
the following values of the factors influencing the project:



100 D. KucHTA

Table 4. Values of the factors at £, = 0

Factor Value
Q) 10
b
B
B
B
Bs

N [(Q (| |Ww

Equations (3), (4) and Tables 3, 4 give us the following initial estimates of the du-
rations of all the activities:

Table 5. Activities of the illustrative project
and the estimates of their durations at 7 =0

Activity d~i (0)
A, (20, 14, 3)
A, (43,4,8)
A; (104,2, 1)
Ay (35,5,3)
As (18, 3,2)

Individual parameters are rounded to the closest
integer number, the unit is one day.

For example, the estimated duration of activity 4, was calculated in the following
way:

¢ Table 3 shows that the left hand side variability of 4, is influenced by the factor
S and the right hand side variability by the factor f;; the mean value is influenced by
the factor «, as is the case for all the other activities:

e We thus have (Table 3 and Eq. (3)):

£ (@, (0))= £ (@ (0)) =20
72(8,,(0))=12(8,(0) =14
7 (5,(00)= 72 (8(0))=3

We can now estimate the realization time for the whole project according to our

knowledge at moment 0: C(0) will be equal to the sum of the fuzzy numbers from
Table 5, thus, rounded, to (220, 27, 17). The variability of the estimate of the project’s
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duration does not seem to be very big. Hence the risk of exceeding the mean value,
220, seems to be rather low.

Let us now assume that activity 4, was finished at #, = 30. Its actual duration was
30 days and the decision maker said that given the state of communication in the pro-
ject team and the weather, this duration was really a complete, very positive surprise,
almost a miracle. The decision maker assumed that the possibility degree of the dura-
tion of 30 days was actually O, the left hand side variability (with respect to the mean
value) was 30 and the right hand side variability 20. Thus we have:

dlpost (30) — (dlpost,l (30)’ dlpost,2 (30)’ dlpost,3 (30)) = (60, 30, 20) (6)

Using Equation (5), we get the updated (for #; = 30) values of some of the factors
— those which influenced the finished activity A4;:

o (30) = ()" (60)=50
£:(30)

(/7)) (30)=15 7

-1
£(30)=(£") (20)=20

As the mean values of all the unfinished activities are influenced by the factor «,
the left hand side variability of 4, is influenced by S, and the right hand side variabil-
ity of A4 is influenced by £, at #; = 30, we get the following updates of the estimates

of the duration of the unfinished activities (the values in bold have been determined
based on Egs. (6) and (7)):

Table 6. Activities of the illustrative project
and the estimates of their durations at ¢, = 30

Activity d,(30)
A 30 (actual value)
A (203, 8, 8)
A; (2504,2, 1)
Ay (155, 5, 30)
As (58, 3,2)

Individual parameters are rounded to the closest
integer number.

And the updated estimate of the duration of the whole project is C(30) = (2980,
48, 51).
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The difference between the mean value of C(0) and C(30) is very big. This is

because at the moment 0 we did not know exactly how the communication in the pro-
ject was. We estimated it with the score 10 but as the project continued, it turned out
to be much worse, 50 (or maybe it worsened between moments 0 and 30). Also, two
variability factors turned out to be higher than we had supposed, but in this case, the
most substantial problem concerns the mean value.

It should be pointed out that C(30) = (2980, 48, 51) is only an estimate of the to-

tal duration of the project, carried out on the 30th day of the realization of a project
whose duration was initially estimated as (220, 27, 17). Thus, there is still a lot of time

till the initially planned final moment of the project and the value C (30) = (2980, 48, 51),

representing our knowledge on the 30th day about the possible total duration of the
project, should be seen only as an early warning. There is time to make various deci-
sions about the project so that its actual duration will be acceptable. Also, each control
moment offers us the possibility to verify the information from Table 3.

The same procedure would then have to be repeated at following control mo-
ments.

6. Conclusions

A method of estimating a project’s realization time at points during the project’s
realization has been proposed. The method makes an attempt to take into account all
the factors influencing the duration of various activities and learn about their impact
on the basis of what happens in the project and it environment during its realization.
This approach uses fuzzy estimates and an updating algorithm which has to be applied
at important milestones of the project.

The proposed approach has, to our knowledge, no equivalent in the existing litera-
ture with respect to its main feature: consideration of the changing influence of vari-
ous factors on the activities’ durations during the realization of the project. We see it
as a proposal for further research, as the proposed approach certainly has several
drawbacks. First of all, the number of factors influencing an activity is still limited.
Secondly, no approach is proposed for the generation of the dependence functions. We
assume that they are based on intuition and knowledge however, in practice, they
should be supported by a systematic method of gaining the necessary information.
Thus practical verification of the approach, together with a method for interactive
determination of the required dependence functions, is absolutely necessary. Also, in
the proposed approach it is assumed that we can identify all the factors influencing the
duration of a project activity at the beginning of the project, which in practice may be
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difficult or sometimes even impossible. In this respect, further research is also re-
quired.
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